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BIOPEYSICS ; maT AVID TCR? HOR THR PLAUSIBI 2Y oF 
SLACINONAGT32IC RADIAVION C3MR) BaIve 
PT PUYSIC Ll B- ue BOR SOR PRECOGN IL IVS 
FEPRA-S GORY PEROUPTION (752) 


FRED BLAU 


The issue is not whether tho nhenomene of extre-sensory >ercept— 
ion exists, “but rather, if slectromaenetic or other vhysicrl theories 
adequately describes any or all of the »henomena 

" Blectromasnetic theories “or the »vhenomena cetually nredste 
their onnosition by more then abe centuries. port from Cartesien 
arcunents leading to @u-lism and weterinlism, the “mental PATO" 
models have traditionally ond Eee recently been onvosed unon ot 
least the four folloving grounds. 

First, that althoush the high correls ee between the electriccl 
activity of the brain and body with many osi vhenomena is well 
established, the brain does not emit sorerent onersy or radiation 
Getectahle more then 2 few centimeters from the skull. Second, what 
enereics are ommitted loss their pover very ronidly, eccorcding to the 
ovticel, or inverse to tho souare of the distence rule, and such con~ 
not account for televathic »nhenomen> which occur over Gistances of 

housands of kilometers. Third, Bia theories cannot exylain the "down 
thru" card deck cloirvoyance phenonmens Fourth, ‘ny. exnlainetion of 
vrecognition caznot »vossiply be electromasnotic. 

Let it be conceded that the third end fourth objections sre valic 
end well taken. Tlowover, 7s will be shown, there is new evidence 
that suvercedes the first tyvo objections. Although some researchers 
in this field adhere to en only—one psi vhonomena mocesl, ‘re Go not. 
Aonarently to sone, since Fa thoories did not account for all the 
nhonomens, it so-erently did not account for sny of it. 

‘ithouch it was our original intent to vresent now evidence for 
the vlausibility of eclectromzgnetic redistion being the »vhvsiccl basis 
for non-vrecognitive ex *re-sonsor ry percention, sonetime botveen A 
berinning of our reserrch, sbout 2 yeer ago, end tho present, it 
came annarent to this rosearchor ‘tha at there is little thet is ae 
nhysiccl scbhout come esn vhonomena, 

Because we find thet nerengycholosy «asy be reconciled with 

avehologyv, the tio synthesized unon cl7s sgsicoal ohysics snd neuro- 
vhysiolosy, this morogranh hes been altcrod only in stvle, cut not 
in content vith resvect to its stoted ourvose. 


Unon the follovine cuotation rests tho foundction of this thesis. 


"inolly, extr I SOASOLTY nercention anc sonsory »xor~ 
econtion anpesr to be “~uch alike exeeut in the relztion-of the subject 
to the stimulus. “hen sensory nercention is tested at 2 low level 
of stimulus intensity which “~sken the vroccess more compor-bdle to 
BYP, there is indication thot it is subject to sone of the influcnces 
now ‘isnown to effect BS 7P verformance, | J.B. Rhine (November, 1940) 
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2. BRIE FIIVORY OP Phu 933 

Bven before the seventeenth century, the toric: of consciousness 
ené conmunication vere of centr-=1 tssue to noturcl philosophy end 
theolory. The nhenomena cnrlled Om EPA KOnkOLy nercention by some, 


end bio--informeation “v others hee lons history of being imown by 
many different noes in meny culture s :nd overy historicel TLAO.. 
It head, by thie time, been well dononstr-ted th + ments cons sciousness 


wes interdenendent es well unon his biolovy end nhygsiology, anc that 
these in turn wero influences? by the nhysicel environments. 
Although in retrosscct the issue concerns itsolf with the data 

ived ee nhyvies, »~hysiology end nsycholosy, the bricf survey 

sented here shovs cuite clorrly the ‘— the investisctions under 

ken vores don2 so mnder the rotion thst the »honomena observed in 

e svecialty wes not releteac to vhonomene observed in other. smecial- 

Ze | this becouss very ensnront when later on, radio vhenonene, 
raéticed by electronic onrineors and~ rodio nhenovena vith 

eee ee to: S80, Dec lattls relstion to-cxch other, im the: mines 

of the erincin: 1 naransvcholosiccl investir-tor: of the mid~ 

Sventieth century, 


NM 


ch O ct 3 


2 


Lt woulda be Aif teult to «: ee toe very first electronesnetic 
theorizs of nsi first occurred, beccuso the »nhenoame. is described in 
words thet vredate aodern scientific tei minologices. a of the 
Sysciftic iresue at hond, tho first mention of cnv phenomena relevant 
to the verceention one Jar emission of elretricel or He netic. enorey 
by tho -hunen orcsnis™ occurs with Pore celsus (1493- 1541). He sas 
& ohveicien ene revutef@ly o nsvchiec heslor 7s vell, and he belicved 
thet meenetien vas ee Pee eto ® but ne al foree, that like the stare 
influenced the huusn body, even at a Sei enes. by op suotle eacnesion 
thet »erveded sncrce. (Borine,1929) 

Freneis Bacon (1561-1626) in Sylva Tylvarun, or « Moturel History 
“rovides ee i sccounts of orecosnition and talcoethy, notins that 
they were neturel vhonomons, sné th-t it belonged to a cless of 
onerations ~ormmis sions,” “transmis:-ions,* snd influonces, which 
Mork au Gis once, but aot ab totich,*. tb abowl the sete Gide, 

Ven EHolmont (1577— 1544) origincted the doctrina of animal nennetisn, 
by teaching that acgnetic fluids redivtod from all men, en aay be 
gsuiced by the till £0 infivence the minds ond bodies of others, (Gudrs 

A contom-orary of the cbove vas Gilbert, who in 1609 vublished 
Ce, 1 Danes » Srinei sally <2 trectige on. the lodestone, Gilvert ¢on- 
eae het the cun end corth en both maenets, the diurnel roetion 

f the carth dmmondoent uron thet teenor tan no slso studiod the 
A heno ae ono. of “electrics”, but did not coneluéc thot there vas any 

relations’in bot reson WECASTA: She See prac tr, 

A850, 7 Find enotwer =t eat et x ohycierl or machen eal 
oxolenction of 1 fenomenn vith Glonvill (1636--1520) who cou>les 
& vorid--soul hynothosis vith the observation thet"... the egitated 
yorts of the Brein (beget) 2 notion in tho nroxincs Acther; it is 
proncegrtted throush the licuid -cdiun, 2s ve soe th; motion «which is 
erus'd bv 2 ston> thromn into the ~ater." (Gudas,1961) | 

tt should be uncerstood thet at this time shilosovrhers, who 
sore tha true forerunners of the nevchologists, were debeting the 
issue seme _“hother e mevrovicliss or s.ltualist nocol ‘ost accurately 
secountee, Tor mon's bohavior snd consciousness, The ousstion uhich 
WES a br Crrtaeion Cusalisey is still relevant, and. is 
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eull .betie Coustad tocar, .. ha as oovious, even to this .wthor, thot 
matericlistie (ac oie -enorg? ) 10Gels: are necesssrily incoanlets vith 
regynect to our behaviors sn¢ our identitics. “ecoreinsly, the valid- 


ity of the mind-body quostion. is ecknovlodgod, the vor": Ot Gig 2 free 
philosonhers of the »vost~ Ron2issence is etill relevant today, but ve 
must ness ovey tho history of vhtlos ionhy an’ concentrat~ on the 
history of the vhysien list models, 

‘nton Mesmer- (1734-1818) was © Vicnese ~hysicion vho wag cble 
to effeet cures both uvon psaychonsourotic cisturbences cnd vhysiological 
ones by che uso of hynnotir TA y which Mosmer cloimed wags dependent unon 
a chonomens of animal mosnotism. His work is vevy innortant to the 
question of consciousnesa end control becouse it stimulated not only 
veransychological inquiry, but stimuleted the “ork of Froua and June 
into the unconscinrsness eg voll. Tho issue, thon os noy, was whether 
the cures that Mosner suceese fully connleted wore cue to sons anne 
nevehokineticelike force, thet is electron enitisn, or vhother the: 
vero Cue to 3u>liminel sug-cstions, Obviously tho osv7chosonatic 


controversies ere raised. Mogner hime-Lf at 7 BLY On used metal bar 
marnets to »rodueod his effects, but-later roerntod from their us 


and come to denend solely on his own "Nanineal teactien Bees ae of 
Meamor's 8 notoreity & selentivic condssion was set un in 1784. ° 
investieate the matter. The coanission concluded that Mesncr 

animal ncene tian anc neturclly occuring ocne tion (of the Lees ton 
verictyv) vore not similer nh snomene: end Megaez Loll into disreovute. 

. Is is cbout this seme time thet “enimel siectniciiy: is first 
observee br Gelveani in L780. He discoveread that frog's lers, when 
comnecetod to two dissimiler mote le, twitch:d as.tho still alive. 
lnter he created the first "vot bottery" by connecting in series a 
large number of “roa's logs, This wos in 1794. It is only lator 
thet Volta creates sleetricity Pro> on inorganic bottery, It is en 
oft hea ae obs servetion oe mony oF man's tochnologicel inventions are 


By "1827 Ohm | had succoss: eylly. =o pneTaens the luvs of simole 
eloctries] Circuits, those lave sro atill in use todar,. The major 
brorkshrough in ~hvsics of the ninoteentn cantury tas the discovery 


by Parctayr in 185 51 that on 2leetricnral current could be originated by 


moving 2 poe Ehrovgb a meen tic fisld. It vas tho first TOliI eS on 
of tho unity SLoctrei yy ne masgnotian, Ly eee Go" aay Pheer 


3 


rear that he ie he a aarvenesd sur: “eiontly vor Morse to 
domonstrate telcgrovhy, whereby coded slenels wers carried over long 
Ciatonees by usc of enble> (tronemission line) acting liko lov 
froousnet Luvned seraneter svatone, 

O* greet imoortance to the oresont issue is the rosults of on 
oxporimont carried out by the neychophvsicist Helmholtz in 1850, 
HOLore ‘this cate the mind ~body commloz was thought to ect together, 
eimultencously end ins entencou:d-, ot or near the speed of Pione, 
waich vac then knot to be about 300,000 m/sec. Tho functions of 
the nerves vero reasonably undorstood at this timc, both anatomically 
and vevyehologiexlly, but it vas elmos+ universally assumed that the 
norves, like Morsols cables, transmitted their @ata at the snead of 
lighs. To his sur rise, cnc mony others ag woll, Holmholtz found 
thot the sve:c of nervous orovasation was 50 m/sec, not only many 
neenituces slover than light, but even slowor than the cneod of sound 


in air. Mow here vas 2 new isa oc, For men wae not only mind end body, 
4 o om id s rol « 1 . . 
no war OLSO not instanteoncous in either hie nereoaveions or his 
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ecetions,- taet is, his control. Dervin's syolutioner= theory of 
1859 nyse initabod eecitioncl consrovorsy concerning, the rise of 
mochanistic (netoriclistic) ohilocovhies of vhycices, biolovv snd 
hictory. The schism botveen #cionce -nd theology is in vart re- 
snonsible for the founding of the s2rcosychologicel and nseychicrl 
roseerch socictiocs Late rinoteenth contury. 
Bernstein in 1866 deseribed the nerve impulse acs a weve of 
hopabive sloetricity néasine “long the “ihor. By 1672, Ne ‘showed 
tuot the immulss svreed from the negative inside of the fiher to 
nositive outside. In cédition it wes understood st this tine that 
nerves reavired a refractor~ neriod before being eble to fire aeoain. 
Vouronhysiolo y 37 thie tine hae idenhitiod syuceifie sensory and 
notor ayure 1 location’. in the broin en? con’ ral norvoue veto. 
hale Me edustions smeared in 1864 lesding to the crection 
of Perrys agh. eys 


hoc oney ole ctrome “netic roediation in 1888. .y 1895 
Sc coonk ae chlo to bron Aeces ene Yoeceive Over 2 Cistoenes.of nacvers 
kilometers, ond suceeded in troensmitting ccross the Atlantic Ocoan 
im 1905; ‘Of Sumo aie to tho biovhysic- al theory of osp is the 
sapgernée in 1900 of Plenck's Lar, “hich securetoly describes | 
Gee. * ty cnorey svectra of sloctronacnetic enorgice enitted from 
an objeet of *- given temmernture. “or man thet temverature. is 31LOPK, 
Sir Tilliem Crookes (Rhine, 1934) attemots to exnlein the 
naroenormal nhenomena «as"high freque ney vibra tions of ve sthoe 
fSonereted by the mnoloculcr «ction of tho breing” 41897) 4 ebout 
this some HIiI6, GRHeranontarLon Pesed won ‘Tonor's (183 ie and 
Fechner's (1851) levs of sthinulus intensity 2nd the throshold 
of sensitivity (S = k log R) confira tho evist nce of sub- 
liminel) (below-thrasholé ) eonuitivityv. Myer's, who coined the rord 
'tCelovethy'!, in ort beesuse he had en inte est in 'wirelcss 
telegravhy' «lso0 nostulates. iminal consclousness! rev 
(1699) vas i od 1p NO ao eas gerne functioned in 
reletion to Grosms, ‘lthoush he never acknovledsod the phonomons 
of vrecognition, in 1925 Prove accented the avistence o the ‘s- 
emlle@ ocevlt zcicnecs, * edéitional droetim ~or's stwiics of | 
June (1916) snd others ct 


the ub] 3 i a 


tino indicsto thet tho drecn is the 


"MOST Trequent st-te of ‘coneciovances in “hich ~erchacal phenomone. 
OCCUr s oe for two ee of all spontaneous psi. : 
Interostins 1 enoursh, th: olthough ee 5st in the psychical, 


Sei. 1. “Ld. 2oS Seer to 18 For Ms, enaele tht: Wistoricel i of 
bic. an¢erceh in vinly tic sereholo’ Le ee the 1914--1918 
war coparently sthimul-ted,for a bricf timo, nore intorest in the 
Lotter than the forwer. | 
etvecn 1911 -nd 1926 various radio encineers hee found that 
the nroveeabion or ‘dootrevos was depencent upon many vor icbles, 
such asisunsnot evclesd, the tine ox the NT» Tis eofaon a the yOar 
ete. Two of the most imnoorten’ varirblos in brosdcesting are the 
frequency of the sign-1 snd the anncition of the ieee ra 
a given time vith rmsnect to taay. . frocucney., Theorotical "0dic sls 
ane ooniriecl det. both confirmed thet parapet radistion 
intensity -t 2 given distance (long h) is ¢ function of the wavo- 
leneth,' and doss not neces: arily Gininieh inversely orovortioncl to 
ths. apuere of ths. cistanes. the oxutiesl ler for yisible lisht: | 
vevelengths. The nunsriecl asssuros of sttenuation obteinad from 
tho fornuloe aAvriletle in 1921 ent 1925 co not ver’ sspreealily 
from the accontz4 numaviesl values wiet totay (1975) | 
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TYuUs mecsur wasn s of the olecvrome «netic sndpeyv 
omanitted cov mmm wv. aoe be Cacgameri, who serting in.1927 onc con- 
tinuine to 1941 messuresd the phonomen:, “v usine 4 bronébené fonor- 
ator of SO = 400 Mhz (5.0 - 0.75 metors), he succeded in ronton ting 
with. frequoneies in. the 3 +. 400 Mhz (290 - 0.75 meto-.c) renge. (These 
vaveleneths include lonsths equivlent to OVERS gc | ee height. F.B.) 

That. cloctromagnotic onergy 20 nossibly tho cgant of tolepithy 
wag made no nilcr by many writers, ineludine Upton “inelair who used 
tho titlo Montal Rocio in hig 192° book recounting hiv very extonsive 
ToOLOVATN IG o-nertaonts, The sane year saw tho manouncomont 
by Toreor, thot berinnins five years bofore, ho had sucecded in moesur- 
ing the electrical activity of the brain, cnd h’.d found that fre quenci 
of 4.-- 20 fz ~ characteristic normal behavior, end that cortoin of 
the frequencies corresnonded to certain montel stctes. In 1941, Dr. 
Serger announced hie avvroval that brain vaves vorco tolonathy aber 
rercinines hesitant for sence -eers. 

Slectromagnetic cnorey was als oeing studicd with resvect to 
nerves end nourons at this time. RBoginninre vith eee in 1920 
and continuing till 1938, veriouc ne uroonyeiologir ‘ts had meesured the 

acit-nce, ~~ registence (imredonce ) and other: . ee parte 
MObTers an found that the canccitance and resistcnee were essentially 
constent in their vrlues, and onlv the voltage varied in the neurons. 
“ech nouron wes considsred to bcheve ag a resistance (ond lnster an 
immedence) in perellel with o esnacitones. 

Reginning in tho carly thirties Vasilevey begon to verforn aany 
Siort cond long dintance tolenathy cnd suggestion oxneriments. Most 
noticeable ero the results of on extronolt long Cistence tot, 1700 
kilomoters, in which - subjset was lover sd into = lesd bottle, yat 
the percinient was osnahlo of discorning the stote of the subject, 
who wes unconscious. — Vesilovev at tho time, 1937, u-a of the oninion 
aie -cleclronsenetico rac aetiow as] hichiv invrob’ ble source of 
esy vhenomona. Us did hovever note the, % tho metal bottle was not 
canable of shielding Wa frecuoncer_of tho cosmic ray renge, or of 
gshiolding the freoucneios below 10? ie boccuss of their vorv long 
wavelongths (rere ator then one ‘rdlomster), 

Also very active in this »eriod wes Dr. Rhine cnd his asso 
Rhine coined the »brase extre-sensory perception vith a tentative 
© 


mocning of 'vorcontion without the function of recocnized sens 


Porhc-ns tho 


4@ continues, “eso is --yorcuntly indonendent of rocognized onergy 
forms, non-radictive but »rofectory. .- all auite non-sonsory 
cheractcristics." (Rhine to. 1964, 1934) Rhine clso voiced threo 


objoctions to the cloctromamotic models. First, thet electro- 
my netie r-disetion losss its nowor, inversely nrovortional to the 
scunsro of the digtenes. (ibid. a» 158 - 175). Second, he mentions 


‘the wroblems of solectivity imnoseod by the vroblen of everrbody 
trensnitting continuovrly or sinmultencoisly, Third, the objection 
is *aken, cnd voll mrde, that clectroma nctis cannot exvlain the 
pnrenomena of elcirvoyance, vhoro obviously their is neither an 
imsse to send, or oven an erent to cond it. ieee, Rhine con- 
cludos, 216—222) that cop is a biological vhoenomons, nev be 
inherite anc ‘involves the nervous evatom auite as much as does 
snv other - cognitive wrocone,.." Th naegin: ; ete lumvs tole- 
nethy, ree tee end. .srecomnition into one cate-ory, but toloe- 
tinesis and »eychic honaling into senorste ek. 
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Turvigin, in 1937 heé found thet hwaen subjects felt drowsy vhen 
exnosed: to lov intensity em vores. Loter, in 1942, he omocrincented 
uron the effect of scresns cnd reflecto''s upon & subject exnosed to 
hvonotie susrostions concernines eveating. Turly:in-found the the 
cgent veo emittine cloctrom-enztic enerwies of 1.8 - 2.1 mm (1.67 - 
1.43 x io! Hz). 

“2 Hi GASOry Of “Si. 17-6: nronaned ig Bibbe 20g. z 2g 224 henothos SL Z- 
ing thet s-rov, cosmic rea and gonma roves (10-7 29 fiz) "rere ro- 
eyonsible for sone of the vheanonona, erie pes S age lator, sugvest- 
ea gravity Piolds snd neutrinos vore resnonsible. 

Lissman, in 1951, hed dotectod cxtroncly low froquency (3 - ki g,) 
electrical fields emmnating. fro. what vero congidersd to be nornmel, 
tht 18, atvolecL 'slectric, “teh..! | 

Youronhys iolo-ist "'. Groy “lelier commnentod won tho subject of 
Am and esy in 1953. He discounto®? the om models «nd nrovided four 
enocifie objections. Pirst, ho. Car eccheulere that they vould fall 
below noise level within «fev millimetres from the surfsco of ‘the hea" 
His second thru fourth objections occur in one »aregranh: 

"The size of th. clectricel disturbances which the 
brain creates are extronely snoll. In fact, they are 
Sbout the sizo, within the brain itself, of a received | 
Signal which is just intolligiblo on an evorage radio 
fot. ore cfucial eyan tht thie, thoir covineyt 
freauencics are far heloyw the rence of radio chennols, 
below evon the scale seal-: of audible froquencics,. At 
ton cycles ner sccond, tho cove ago frequency of alvha 
rhvthms, snvy electromsgnotic sicnal transnitted thru 
space vould have a vavelongth of thirty million motres." 
| Telter, 2.G., Tho living Brein, 1955, 9» as 
It should clso t2 mentioned thet Grov noted the lack of the nhenomona 
to be sisnificantly attenuated cither with rence oe snece distence 
ang time distance, so ho snpnrently at tho timo adhered to tho ono-= 
Nei nionomena model. 

Following his oarlioer vork, Lisnman, in 1958 had succceded in 
conditioning fish with currents as lov as microvolt por motor( V m-1) 
3y. 1960, based unon the vwor's of Bulloc’: ond Hegivarc, « nev sonse 
organ, the clectrorecontor, was idcentixvied end found to be vhylogen- 
cally simember of the acoutico~lstoralis eyetem. The bagic clsctro- 


rocentor vas similer to ths cilia-in-jolly secondary neurons of} the 
machanoccl and 


suditory cyetom, which were thon thought only for 
tenverature sonsitivity, 

Rashovslky (1955) does not atcto himself Giroetly on the subject, 
noting elso tho en non-onyoicel osy vho nomena, Hovover, he 
completely mans out the ne cesse: a physical concitions nacesecsryv for 
the oneration, observation anc atinz of om nsi noéols. He soys, 
mxvoriments by Gdmund Jacobson (1930 0) indicate thet thining rosults 
in moasursblo setion curren'’s in the oxternsl muscles of the body. 
Such action curronss, small ne they cre, of necessity create 
elsetromegneic fields. Unlikely as it is, it is not imnossibls 
thet some highly sensitivenerves. may rosvond to these ficl¢s." 

In 1952 just such cn rar ees ase Ce resvonge was observed bi 
Prev. UWeins frecucneias of 4°10°. 3°10" Ez (i.Om-O.1m) human 
subjects renorted = buzgine or eligeine gonsetion, only if the 
tommorsl lobes of oe brein wore includad in the illuminated cores. 
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Frey hynothesized that the cochlea was involved in the phenomena but 
he adds that there is probably more than one electrosensitive site. 

Puharich, in Beyond Televathy, 1962 correlates nsi receotive 
phenomena with cholinergia and other yhysiological processes. Tle 
hynothesized that gravity and "nsi vlasma" were vartly resvonsible for 
some of the telepathic phenomena, Because of the Faraday cage exveri- 
ments he nerformed he states, "While the exveriments are highly sugges” 
ive that electromagnetic radiation is not the means of transmission in 
televathy, they are not means conclusive." He notes that while in the 
case, one subject showed a »ronounced gasning effect when 640 Hz ac 
was annlied to the cage. With resvect to the nerve vlasma membrane, 
he calculates that the neuron could be considered a circuit of mega- 
ohm resistance, micro-farad capacitance end 0.2 henry inductance, the 
latter fact first revorted in 1941 by Cole and Baker. - 

The next year, 1963, micro--oersted, 1.0 Hz magnetic fields were 
detected. emanating from the human heart by Baule and McPhee. 

“Yooldridge (1963) commented uvon the televathy--emr issue noting 
the the difficulty involved was in deciphering brain waves since they 
renresented the average electrical strength of billions of neurons, 
there was no nossibility of unraveling the specific thought processes. 

It is in 1964 that Mancharski states that telepathic_communicatior 
occurred at frequencies from infra~low.to suver—high (1073 to 1012 Hz. 
Although I have not seen his thesis, the hynothesis nut forward in this 
monogranh perhaps best corresnonds to Mancharski's hypothesis. 

I, M. Kogan, in 1966, hynothesized that long wave electromagnetic 
radiation of 26 km to 960 km wavelength (11,000 to 310 Hz) could ac- 
count for the phenomena beceuse at this wavelength the field strength 
does not obey the "optical" rule. Based myon calculations, which re- 
arettably I have not seen, Kogan indicates that the human organism 
generates four *o five times the necossary signal strensth to accom— 
plish very long distance televathy. 

Two vrominent paransychologists, Burt and Dobbs commenied on emr 
and physical theories of psi in 1967. Burt announced his onnosition 
to the emr theories based unon the objections that 1) the inverse 
square law diminished the sienal strength ranidly, and besides the wav 
lengths associated with the brain waves (3-30 Hz) were very (too) long 
In addition, 2) he calculates that because the observed chenge in the 
evoked »~otentials was 5-50 microvolts, the corresnonding power was 
107-<9 watts. Po broadcast the observed distances, Burt indicated that 
a tinimum power of 10 watts would be necessary. Finally he noted that 
some modulation or coding of the signal was also a necessary oreredqui- 
site. Dobbs hovever rejects the validity of the inverse square (optic 
rule, based upon the ionosnheric eifects at ELF frequencies long observ 
by radiomen. However, Dobbs quesitiions the ewr theories because the ca 
culated field signal strength at the humen scalp was on the order of 
10-18 watts, Kamiya (1968) rejects the emr theories of telepathy of 
essentially the same arguments as Burt. 

In his Electromagnetic Fiel’s end Life (1968), Presman reviews 
the complete history of the studies of sensitivity and emissivity 
of electromagnetic radiation by living orgenisms. He acknowledges 
bio-information transfer by emr fields, but is care not to deny the 
phenomena while criticiging " the varapsychologiats and their methods. 
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It is in 1964 thet she olectromagnet fields generated by. ‘BLE 
brain vaves are first observed by denen, Gee a cryomagnetometer 
5 om from the stull counled with contact EBG electrodes, Cohen found 
thet the brain emitted Elf di fields of 2.5+- 1078 gauss, and later work 
shoved that the skeletal muscles emitted 1 - 100 Hz de fields of 
10-7 gauss. 
warly in 1975 Persinger hypothesized that the 7.8 Hz frequency 
associated vith the first earth-ionosvhere vaveguide resonance is the 
primary carrier of telepathy. In eddition he hynothesizes that 
magnetic fields should inhibit the »nhenomena, as well as noting some 
slight west—-east provagation differences. In addition, Persinger 
has done some of the most comprehensive exverimentation end research 
with resnect to the biohysical effects of BLF and VLT electromagnetic 
radiation. -He renorts the ELF brain wave field at 1 - 10 mV* m™ 
In mid 1975, Blau calculated the emitted brain vave frequency 
fidd strength as exceeding the microvolt ner meter level. 

Puthoff and Targ, in work comvleted in November 1975. and publishe 
in Merch 1976 discuss the BLF--telenathy hynotheses and reject them 
under the considerations then that while the attenuation of the field 

strengths over very long distances were very low, ELF could not ac 
count for the vrecognition exveriences recorded in their remot e viewin 
experiments. ®heir second objection to SLE/VLE converned the (reporte 
channel canacity of the band as 0.1 bits- sec-l at meter venge distan. 
es and C,O01 bit - sec at 4,900 km range. The above autnors anvarentl, 
Bahere to an only--one-psi phenomena mocel. 


i aL Re i i WL 


This very brief history of the issue concerning the hy votheses 
and counter hy»otheses regarding non—nrecognitive 'nsychic! pHenomena 
is vresented an introduction to the question which is dis cussed in 
more detail in this monogravh, Some historical vriorities may have 
been missed in this introduction but have been corrected in the text. 
Qur monogravh is the collection of the work of many researchers over 
meny years, the author has merely synthesized it end therefore defers 
to all those mentioned herein any claim to originslity or priority. 
Ai technical abstract of the hy»notheses anpears on the next two 
pages. . 


e 
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3. SENSITIVITY “ND WESPONSS TO “UPIMULI 


®e: saorious vhononena much cs “olovnathy, clairvovenee and »re- 
comnition are erlled oxtra-sensory vorcontions by nsyehic resoarchors 
yrimsorily in Yeste-n Buron? end Forth Amoriea; vhero cs the same »xhe- 
nomens. is enllod bio-informetion »nrimerily in Beet Burono and the 
“oviet Union. In part, ths study of ths phenomena has beon influonced 
by what it hea boon called. 

Although Purton in 1870 uses the toiminology “oxmtra-sensuous per- 
cention”, ita »resent moaning, as ponulerly understood, is coincd by 
J?Rhine to describe nsyvchic vhonomona ag non-sonsory and anhysical. 
At the time, Rhine included the ~ossibility of tho »whenomena being 
sensed by an as yet unknown sonsory vercontion; unon other consider- 
ations ho rojects eny "sixth scnso” hrnothoses, 

. Clearly howovor, before any vhenomona mar be charccterizod as 
nNon-SSnNsory or exure-consory, en exzeninetion of sensory porcovotion 
vor so must show thet sourcory ~ercontion is inacdaurztoc. This is yory 
inmortent since the quotstion a+ the introfuction of this nonogsr woh 
sugscsts that sonsory ag well ar oOXtra-sonsory vorceptions avocar to 
beheve aliko in tho region of marginel sonsitivity., It shell bo show 
in this chanter thrt not only aro there several PECCKTOTS “CAUChlLe oF 
resmonse to oloetrom’gnetic onergios, tho anolicstions of classical 
osychovhysica Yovesl teveral normal modes of sensory vereontion which 
facilitate the clectronarmnetic resnonsos,. 


The relationahin betwoon tho intensity of = stimulus ond the 
subjective intonsity of resnonce wae initially invostigated by Vober 
end Bochner in tho ninetoonth conturr., In roneral, as expected, tho 
monsetion increased ar tho intonsity of tho stimulus ineroased. Tho 
corallary of this law states that the just-noticoablo-differeneo in 
stimuli wes a constant numoriccl volus for a sivon invut intensity. 


‘Cre aR = ky, (jna) (Tober's Tay) 
R 
(3.2) S55 3 
242 a ~ kilog ps. 4 (Fochnor's Lar) 
where kia = conntants 


= stimulus (Rciz) 
a Liminel valuo of atinul«s 
sonsation 


Careful considerstion of the logerithnie roletionshin betwoon 
stimulus end res conss indicates that 1) thors is no such »henomena 
as © 7ero-intensity stimulus, and 2)eonsation below tho linen (thros- 
hold) is thooxoticrlly nossible. Such subconscious ae subliminel 
conritioning, ar voll ss memory of ovonts con: ciously unattended to 
Le enceeieal jaaveholoeice+1 Pact. ee 


be eit 


ge Big 2.1 Fechnor's Law 


,, r 3 = k log 3 
a : to ale 


a 


; 


_3/ : 
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Me Varini pony te rol tive THrssiole ie that Apraius inbeneiey 
mich ovokes resmoncie 50% or ‘ore of the time. ‘Similerly, the Fbsolute 
throshold is tht stimulus intoncity which frils to ovoke resnonse in 
99% of the test trirls. However, the absoluten ss of these threholds 
eon be enlled into question cue to a Gaussien distribution of individ- 

url's Re aitivitios. Vericus studies show thet in individuels tho 
thresholds mer vary from as much 2 5 to 15 db from tho colle ctive 
threshold atunderds. In dase ing wo noto thet the nossessor's of some 
vavchic ebilitics cre sometimes roferred, to =s eens Cr veaee 

In sddition to the intonsitvy of - stimulus, the threshold of 
sonsetion is -lso 2 function of the curation or novolty of tho stim- 
ulus, In goner-l, inereo-sing the durstion of the stimulus lovers theo 
throshold for nonenbion: hovever, there is 2 noint, crlled te theo 
basa, boyond which eee the durstion lowors the threshold 
further; The combine? offcets of diffe: enticl sensitivity ond the 
durstion threshold Senvene reroly contributs hovwover to meke more 
than 5-15 db goin in sonsitivity of eny civon individurl. Tho it 
should be eddod thet thet cmount of grin is sufficicont to moke the 
Cli orene:. Mosnineriul.< 


100, \ Fig 2.e Tyniedt strongth- 


: : duration curve. 
, \ 
50! ‘ 
mV Os ete dh Acne ees ote ee a 
O.,01 O.1 136 10.0 
Time (mace) 


Rel-tive -leo to the cucstion of gonsitivity is tho obs«rvetion 
thet the “ ility to veresive > given cianel which is immersed in noisc 
incressts es the souar: root of the nunber of observationgof that 
sienel,' Altho this doos not incresse the threshold of sonsitivity 
bovone its rolative or rbsolute volus, svaticl summstion, cc the 
mhenomonr is cnllot, indicrtes thet vrovidec = stimulus is sunra- 
threshold, tho more froouontly.a vhonomene hes boen observee before, 
the ossicr it is to dotect whon imbedded in noise or distortion, 

= 4 
(359)° 13 Gog = 10 ogic n? 


where Gog = Gain in decibcls (db) so Hale i summation 
n = Totel number of obsorv atk 


Por exarinio, consider t et there cre Sl million: scconds per year. 
"het is the thoorcticc:l g-in for sncticl summetion for = twonty yoar 
old Adult for & 10 He -signel, 


(D 3.1) n 3.1° 10’ soo ¥ 20 yeers = 662+ 108 goo 


yoer 8 20 TOOTS 

= 10 wovo%orns x 6,2:10" soch = GC eeto? woveforns. 

4 20 years 20 years 
h° = 
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Sinjlorlv, whet is the smatisl suction gcin for th. some adult 
for & LOP He signel? 


(0°35.2) n = Ove" 108 ase * 108 ~ovoforis/soe = 
a 6.2* 1016 wavoto ns 
te se 2.5. 108: 


Gar = 84 db . 
"Q. 3.3 tnerefors, is one of the equations which relatos nor- 


cooution to lecrning. Rolovent to telopathy, spatircl g-in allovs 

the vercention of signals vhen imbodéod in noiso duc to crores or 
noise cro:-tod by nehur’l or artifiesl signol gonerstors having fiold 
strengths substenticlly ere-ter then that uvon tho seme carricr 
frequency. Spetisl surmnction then -ets Like Memory, "ne in fact is 
one of the sub-nhonomons: which mvros un the gonerel nhonomena of 
memory, 

therefore, the thresholé of sonsstion eannot be Sid bs bo A cute 
ond-dricd mattor of a svcecifie numoricnl value of stimulus. For it is 
not only truc thet ths velus of the throsholé may chenge dotondent unon 
the longth of presentstion, it “ll very cs woll dovendent unon the 
familiarity aainoad by previous yrscontation. In sddition, there cre 
some “~honomons. which ore noreaivod solely beesuse thoy revresont > 
Singlo Giscrote event. Pronont-tion of the same stimuli in 4 serics 
somotimos doos not ovoko anv rogvonss. 

_ Yefore ve love this introcuction to porcovtion ner so, it bears 
rovestod emphasis that the holo neoture of thresholds ond vorcovtions 
includes the vhenomona of subliminal conditioning. For it is of grent 
invortence that. subconscious res“onse ‘occurs to sublimin-l stimuli. 

If va romombor thet the nature of throcsholés is often deterxnined by 
the ver ssl resnonse of *= subject, the neturc of the throshodd is do- 
tormined not by whother or not the s bjoct is offected by the stinulus, 
but rother, if ho is conscious of it. It is now VituLy “ecevted thet 
much of men's bchavior is .gubconscious, he in not avere gener-lly of 
how he doos whet he does. Conseiousnoss represent: only the tip of 

the iceberg.. The vroblems e-usos Sorokin +6 note het thers are. two 
schools of thought, one thet geod consciousness «s the master of boins, 
the other to seo consciougne oe Shs serven’t of o2in4. 

lastly, as far as this general introduction to sensation and per— 
ception is concerned, it must be noted that altho a given stimulus may 
be objectively classified as to some intensity or quality, th nature 
of perception is subjective and associative. Tor example, in one 
recent televatiy experiment, an image of a farmer with a vitchfork 
resembled to the agent who drew it,the mythical figure of "the devil," 
however, the »ercipient whose culture differed from the agent's had not 
in his vocabularv the notion or symbol for “devil,", but instead re— 
ceived the emotional association of something religous, and so drew 
instead a fieure of onnosite meaning, ie, the tabTets of Moses, still 
however correctly "religous." (Targ and Puthoff ) 

Similerlv, in a study revlic tive of Penfield, Sem-Jacobsen et al 
had vlaced 2652 electrodes in 82 surgical ~atients over a period of ten 
years, Altho no resnonse vas elicited from 1065 electrodes, about half 
of the remsining electrodes (805/1587) produced singular and discrete 
responses, Of interest to us is that of the other half of those elect- 


rodes eliciting resnonsen, multiple associations were produced. For 


ae 
Maia 
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exammle, 104 electrodes elicited visual resnonses, of which only 42 were 
unicuelt vi-ual, the remaining 62 resvonses vere visual, vith the follow- 
ing mvultivle associations in order of prevalence; sensory, mood, motor, 
veratcative, cariiovescular enc. consciousness. Considering the oft men~ 
tioned immnortance of imasery in »si vhenomene, the onourt cunity for con- 
fusion end enbiguity is reatily observed. (Sen-Jecobsen and Styri, 1971) 

Let us also mention, in »assim, the »vhenomena of naredoxicel hot 
and naracoxical col’, of which more leter. 

There-ore, there are Seo levels of differentiation concerning 
this »wrocess: first there is sensation, by which we shell mean the object 
ifiable ynroverties of intens ie and quality; second there is gene ation, 
which mav be unconscious or conscious; third, there is vercention, by 
which we mean here, the conscious avareness of sendetion® and fourth, 
there is interoretation anc. Cecoding.of the nhenomena. 


eae SSUGORY CODING 


Our human bodies are an ensemble of masses and energies, and: our 
environment is also an ensemble of masses of various qualities and 
energies of various frecusncies and intensities. Thus we and the univers 
are subject to the interactions of masses and energies, according to 
the lews of nhysics. “hen we ere acted unon by the universe ve are im- 
becded in we say that in the environment is on stimulus, vhich may 
ynroduce in us, a sensation, whicn is not necessarily an " auareness. 
Throuvh the yiolosical evolution directly denendent uron phvsical envi- 
ronment, szener-lized and syeciolizea ‘recentors! have been created in 
orgenisms, weich thru selection allow an organism to anporopriately 

esvond to that environment and survive. 

éltho we shall soon discuss the various recentor nhysiologies and 
mechanisms, of suvreme imoortance is that when as the various mechanisms 
have Cone their intermediary functions, what is produced by the sense 
recentors is an informayion or code wnich is a may of the stimulus that 
produced it. ‘Jhat is coced in sensory vrocess is information about 
what Icind of stimulus is there and how much, 

The variable involved in taste and smell is the concentration of 
a given ion or molecule, wich on the quantum biochemical level is 
essentially electronic and rherefore a function of some electromasnetic 
frequency. In hearinz ena touchines, both ‘mechanical! senses there are 
two veriables, the intens sity of the oressure anc the frequency of the 
chance in that pressure, Similarly in electrorecption (HL™, temperature 
(infra-red) md vision)) the stimulus also varies in intensity and. 
freauency. 

Now, once a stimulus is suverthreshold, «a current is senerated in 
that recentor, callec the senerator potential, which is 2 creded response 
to the stimeli. This gradec, that is , variable potential is then syn- 
anted into the afferent nervous system, whose neurons create an all-or- 
none votential of constant volte, 8 (vig Modg cins--luxley model) such 
that wheat is transmitted by the af tferent neurons is a code based upon 

the frequency of imnulses conveyed by the neuron, (and this is suntemely 
imnor*tant for the reader's understanding ,) and not the voltage of that 
immulse. (“te mention this for the variable voltages seen in brain- 
vave votentials is the statistical sunmation of the constant notential 
of a varving number of cortical and inter--neurons. ) 
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Of the annroximately ten to tventy billion neurons in the human 
bodv, only about C.1 billion ere efferent sensory neurons canable of 
producing graded generator potentials. The two »vrimary sources of 
human bio-information are Weer on which is electromagnetic radiation 
between the frequencies of 4 - ae Iz, and audition, which is 
mechanicsl oscillations between 30 8 He and 24,000 Hz. The neture of 
neuronal resvonse is such that most nerves are tuned, eith widely or 
narrowlv to a specific frequency, such that when a neuron is activated 
the snecificity of the neurons automatically, and usually, uniquely 
is adcressed vith a specific band of frequencies, such that the’ 
messaze encoded is the intensity of the stimulus acting u»von the al- 
ready frecuency~snecific neuron. 

In age Ons the brain, where the afferent signals have their 
destination, is arransed tonotonically; that ina ayecific ame Men ey: 
(tono ) is located in only certain allowable structures of spaces (topo 
in the brain, Several such tonotopic mapvings hace neon observed, as 
for instance the cochlear DORN Es and the central auditory analy rer 


in the oa ech ap gyrus. see fig. 5.3 Pare in KHz 
f in Hye Se ON, fa a 10.2». 
Se re db yg “ 14.0. 
/ 3 7 . mm ~ ; 2 2 e QO” , 
Od, 530 ay et, aNd . 1640 
10760, db» 99,8 acs : me 
‘ 20-80 ‘05 ee * A, 3 : / 
‘woz _ Sylvia - : 3 . oe ria 
ves” Byrus : - ‘ 


Now, altho the frequencies of the auditory ‘and visual stimuli 
are res snecticely in the KHz and 100 THz ranges, the frequencies at 
which both the gene~ator and action potentials operates are tens to 
billions of +imes less frequent than the input stimuli. Thus, the 
gsenereator Dever ees which may be added tog gether, have no refractory 
veriod, but a snike duration of 1-2 msec ig de facto limited to firing 
frequencies no greater than 500 to 1000 Hz. Similarly, the constant 
voltage action notentials have refractory veriods of about 1 msec and 

so are also limited to firing frequencies below 1000 Hz. 

Since, as we shall shot later (Cf ch 5), that neurons firing 
below say 500 to 250 Hz do so with inductive re actance, ELF electro- 
magnetic fields are created. Of imnortence to our study of conscious- 
ness and telepathy, »ractically all sensory information is created int< 
freauencies in the aes range, 

The nature of nsory trensduction is this: a stimulus of a givel 
intensity acts upon an afferent nerve, which is a membrance which 
conducts ions. The larrer the intensity of the sae emegs the greate 
ig the membrance area activated, and since this means a larger flow 
of ions an¢ electrons thru that ’ membrance., this determines the amn- 
lituce of the the gene-ator notential. The annlitude of the generator 
votential, once synapted (either e excitory or inhibitory), determines 
the frequency of the action potentials. See fig 7.4 below 


ca 


peak 100 oe output 80. J 
amplitude oe freq. j we 
of the f impulses Vs 
generator : per A 
=e | sec ace 
| i ae 


see 
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Investiontions have been maie relating the intensi ¥ of the in-~- 
nut stimuli to the frequency o ea for all of the sense modalities. 


Stevens hynothesizes that the sensory transduction ~rocess follows 2 
nover lav, ie 


fo = axl Fp B.A 
where f, = ontout frequency 
ayn = dynenic cischarze response to stimulus 
“ static discharge rate. 


hen 3.4 is revritten, we see that this is simply a form of 


log fo = (n log xtlog a) tb Bed 


the Weber~Fechner laws; relating senvation to stimulus, except here 
she relationchin ia the frecuency of neuronal outnut to the stimulus 
intensity. Altho most trensduction nrocesses follow the pover, lav 
over a certein ranse of invut stimuli, it has been hypothesized 
(Livetz) that tho transduction process is better descrived by 


6 
fo = tanh x (hynerbolic tangent) 3.6 


Since, as ve ehsall show, the createst majority of outout: fre- 
miencies are betuven 0.01 Hx and 500 Hz, some mechanism must provide 
discrimination for all the messages crowding this given banc, which 
‘because of the extromely lor *requoneie eg, have ea Limited channel 
canacitr. In nort tis identification comes from the exponent which 
is generally unicue for . given sense modality. Of importance: ig that 
these exnonents exhibit values senerally incicative of the oft 
observed pvronerty of differences due to orgenisn individuality. A 
corsllery to this voulé be that there is probably no universally 
compilable freoucncy or waveform Cictionary.for come phenomena. 

Table 3.1 is an arrangements of the various obs served power l’w 
xnonents og comniled by Stevens and vy Livetz from - large nuaber of 
investisations comnleted on the average, since 1965. 


TABLE 3.1 - Pover Law Sxnonen’és 


0.10 - 0.18 Vertex votential 1.0 Cold on arn 
0,21 light intensity av. Nara Visual length 
cortical votentials 1.05 Sucrose a of 14: subj. 
0,33 Brightness 3° target 1.11 ~ 1.97 : 
0.52 Av. cort. ot. 200 Uz Lig “hite noise duration 
vibration on finger Law ds Vocal effort sound: vressurs 
9,62 Same ac above, 50 ila, Deck Static pressure on slcin 
0.67 Loudness 3000 Hz tone 1,20 Denolori zing curren’ for 
0.6 Smell -- hentane 630 nm 
0.67 Denolarization current £43 Finger span 
ontic nerve at 550 nm Leh Heaviness- lifted wolahts 
ore Projected visual area 1.47 Citric acid-one subject 
9.715 Intensity —- light LS MNennerature--warmtn on arm 
Oe 155 Intensity ~ 680 nm dyed factual roughness 
0.8 Pactual hardness 1.7 Force of hand grin 
0.85 Citric acid one subject 
9.89 TIlluminavion 3.5 Blectric shock- current 
01975 Light intensity 620 nm throug: fingers 
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Although the maximum firing rate of a given sensory afferent er 
motor efferent neuron is limited to frequencies (usually) below 1000 H; 
either because of refractory neriod or spike duration, it is also 
understood that stimuli change ranidly, so that the actual signal is 
usually limited to only a limited number of waveforms in any given time 
interval. The various coding/transducing »rocesses provide several 
different modes wherein the frequency of noural discharges provide 
unique and unambiguous information about the stimulus. For example 
in phase coders (T-tyne) or latency-burst disversion coders (D tyve), 
a given neurons’ outout frequency is relatively constant over any giver 
long duration, lets say 120 impulses »er second. The coding occurs by 
the mechanism that the discharges vary from their normel intersvike 
interval by only a few tenths of a milli-~second, the information thus 
being a code based unon the vhase or earliness-lateness of a given spi! 
with resvect the the average intersnike duration. Bullock, from who 
the above coding schema ere credited indicates that at least two 
additional codinms occur: one, a probability coder (P-tyve) which 
produces snikes in a quasi-chance manner, and two, a burst coder (B-tyr 
which vroduces svikes in clusters of varying number. (Szabo and Fessar¢ 

Once a stimulus is superthreshold, a signal vroceeds into the 
brain structures by varions multivly~synapted afferent pathways. Once 
in the avnronriate ccrebral structure the inconing information is 
processed in masse, »~roducing the vhenomena of averaged cortical 
resvonses, It has been shown that these average cortical potentials 
have almost unique waveforms for the given scnsory innut. The average 
votential's voltage amplitude: vary unon the mechanism of whether or 
not the apvronriate neurons fire in phase. When neurons of a given 
constant voltage and given outnut frequency discharge, amplitude 
modulation (ie of voltage) is a function of the phase differences 
between those neurons. 

For example, in a neuron firing at 60 Hz, there is one spike 
every 1/60 of a sec, or 0.0167 sec. If another neuron, regardless of 
its outout frequency delivers to some cortical structure an imnulse 
that arrives simultaneously with the above 60 Hz frequency, the two 
waveforms, much like ocvanic tides,crest together, ampliflying the 
voltage of the thus averaged cortical resnonse. However,’ should the 
two (or three, or n) sisnale be out of ynhase, varying degress of 
additive or subtroctive construction will occur in voltage amplitude. 

Consider then that the message or meaning (not the information 
es we shall later specify) is function of several factors: the sensory 

out-put. frequency, all usually under 1000 Hz; the vower law functions 
of the modalities, which discriminates but their rate of change, (that 
is srowth) the modality; and the amnlitude of the averaged corticesl 
resnonses, a function of “he vhasc of the incoming frequencies. wa 

The following is then very illwninating. Amnlitude modulation (A? 

is a function of phase. However, the time rate of change of vhase, 
that is its first derivatioe, is deerees yer second, that is froquency. 
Mow, in addition, the vayeforms arc transient, groving and dininishing 
ranidlv, and tho frequency also changes with resnect to time and the 
first derivative of frequency is change of froucncy ner time, or as 

we know it, froquencv modulation (IM). Therefore, the ‘message! is 

a function of phase, the first derivative of obase, which is Srequency . 
and the socond derivative of vhase, whigh is frequency modulation. 


A A 
Message = ¢ no. cd af 


Nn 
(AM) (FRIQ.) (FM) 
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For the sake of simplicity, the coefficients nave been te 
H . What a 1% c SBA 
from Ba. 3.7 , but it shonla de un Pero toes that in any given yee ae 


tho coefficient of any term may be sero, aaa that he«sage' to ont 
one or two of the nossible three comnonent 


t 


ALL of the sensorv endings we heve soon, or shall sec, are some 
veriatiation unon freauency coding, yet there is another asnoct to the 
codines! which illuminste the nature of vercention most voignantly 
Moat of the codines we shall examine are continuous, thot is toey may 
heve eny value ooo) She minimum to the moximum for that siven sonsory 
mocality, erent: thoso of olfaction, an’ verhens some others that have 
not yet; een investisated, oe 

Huches et al immlantee elactrode: into 23 yvaticnts during ortho 
neurosurreery. “tandardizod atmosyheric solutions of var Lou: odorenty 
vere administered to the natients and reshnonses vere recorded from the 
olfactory bulb, and emysdala of the conscious subjects, Tho results 
can only bo Geccribvec as revolutionary, for what Hughes and hig co- 
workers nad found vas that odor oualities vere Da into specific, 
that is, discrate frequencies, ee shan 2a wide bend of frequencies. 
Altho sone of the lines resnonded to more than one neat it could 
be saie in goneral thas only very Specie frequencics: were allocated 
for vory snecific odorant cualities, tho result being that some scnaor: 
coding was ac accurate ened ag snecitic as emiscion or absorption lineg 
from gtellar snectra. Here it can me said is spec: fic evidence for 
a dictionery--likxe frequcucy code of sensation. Table 5. 2 lists the 
maior frequoney cotmonents in ¢ sos “por gecond, in a human olf factory 
bulb. (J.R. Wuehes, et al) 
. Table 3.2 

Olfactory snectral Lines 
Odorent 


Menthone ale 5 16.0 BiG oe ene 
Pennermnint 25.8 40,3 . Bib Ba eS 65.9 68.5 
Bugenol 26.4 30.3 50.6 51.6 


additional common lines occur at 70.8, 72.9, 73.9, 75.8 
and 79.9, with comnonents hisher than 140 Ilz being very rare. 


Let us concluéo this section on sensory coding by showing to 
dGiesrams, The firet, fieure $3.5 shows the output froquency of bone 
joint position recentors, end the second, shows the outout frequency 
of a mucclo stretch recentor. Although tho reader is asked to, verity, 
ag vo shall latcr show, shot audition and vision outynut freque ncies 
do not exceed 500 lz, the folloving diagrans are added evidence that 
no scnsory outnut frequency excecas 590 Hz. 


Muscle load recevtor 
Rone joint recentor 


aid : sabe (0 ee 
second 30 |: seconé oa 
\ . a ros 
ae / ; /\ | 2 
20 \ fi \ \ i} \ 50 e wen 
vaiee JM ‘ | 
h i \ y 7 | . - : 


fa e ! ‘2 \ . 
_ 3687 T50° T80 -0.5. O Os 40 
foing is. logj9 load in grans 
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3.3 Klcctroreceptors and the Acoustico-lateralis System. 


Although it is popularly accepted that there are five senses, 
ie. smell, taste, touch, audition and vision, recent physiological 
work nas identificd many additional sense modelities, including pain, 
carbon~dioxide and specialized electroreceytors. Of intcrest to the 
tonic of sensation and »ercevtion is the fact that a given vhysiologic 
identifie"’ sense organ may resnond to more than one invut sense modal-- 
ity. For instance, pressine the eye lightly creatos visual 'phosphene 
imagos, whereas certain vain and thermal receptors in the skin respond 
as well to pressure. Additionally, vain may be verceivod by injury 
in areas in the skin which are not innervated by either touch, pain or 
thermal receptors. Fee 

In this section wo shall demonstrate the existence of specialized 
clectroreceptors, but it is our additional thesis that all neurons and 
some synanses are clectrosensitive. Consider, for instance that that 
which wo call taste and smell is really a function of given concentrat- 
ions of ions, which themselves are clectrical charges of svecific 
volarity (valence) and frecucncy. Similarly, that which wo call hear- 
ing occurs . when a mechanical vibration acts unon the cilia in the 
organ of Corti, it is the stress-strain mechanical energies of the 
cilia which croate heat (infra-red) vhich stimulates the auditory 
neurons; the snecifie mechanism ig called piezoelectric. Thermal 
recentors resnond to “heat”, but that which we call “heat” is specific- 
ally infre-red eloctromagnetic radiation. Finally we shall not belabor 
the voint that vision is the response to electromagnetic radiation 
in the “vigible~light" frequencies, 


The svecific electro-receptor organs as described forevith are 
all revealed from research in ordinary and eclectro-sensitive fish. 
However, since our thesis is specifically electromagnetic recention 
in the ELF bands and the 25m to m bend, the reader shall keer in mind 
that these electrorecentors are vart of the acoustico-latoralis system, 
of waiich the cochlea and semi-circular canals in man have evolved, 
and also closely resembles the "acupuncture voint system! both show 
to be electrosensitive. 


Leydig in 1851 had studied the lateralis aystem and concluded a 
sensory function for the organs. Later, Schulze, in 1861, had hyno- 
thesized that the cunulae of the system vere stimulated by 1) water 
movements directed acrainst the fish or amphibian, and 2), low freauency 
vibrations (sound) in tho water. Sand, in 1938 demonstrated that the 
ampullae (of Lorenvini) were infra-red sensitive. In 1955 Hensel 
confirmeé Sand's work and extended it to show the Similarity with 
mammalian thermo-recentors, 

Lissmann, in 1951, had discovered a low voltage 0-330 Hz steady 
discharge from electric organs, and later succeded in conditioning 
a snecics of fish to microvolt ELF fields. Bulloc’s et al, in 1961 
hypothesized that the specialized clectro-receptor organs: were derivati 
of the lateral line sense organs. (FESSARD, 1974, ed.) 


The svecialized lateral line organs of which ve ehall soon sneak 
occur in Entegration with the ordinary lateral line systems, that is, 
not in substitution. It should be mentionca that species not contain- 
ing the SLLO resnonded to electrierl fiold& of mV intensity in the ELF 
range. 
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There are three basic tyves of lateral line organs. The first 
are the ordinary LLO, second and first order neurons canned with micro- 
villi, in general only mechanically sensitive, hovever, still piezo- 
electric. 

Ampullee, viz amnullae of lorenvini, are canals, oe lem long 
by lmm in ciameter, filled with an ecidic muconolysaccharide, and ere 
directly connected to the epithelial layers. The wall resistance of 
the canal is 6M 2 ome, with a canacitance of 0.4 -0.8 uRecm7 2, The 
jelley however ee a resistivity of 2531 age and a comvosition that 
varios somevhat 3 vetially, but in sencral is, in mM-kg7+ Hoo, Na(2) 44° 
Ca(2) and Mg(2). 50, Ay (- i) 580, K(1) 12.5, and urea 75 (MURRAY ) 

The amnullae occur in meny variecites of fish and amphibia,. In 


goneral the end organ is 10-15 ym in diamter, with groups or clust 
ers of 10-50 ampullac ner organ. The density of the organs range from 
12-80-me7* | and mey number e@ total of 40,000 in any given specics. 


Of specific interest to us is! that the ampullac resvond to field stren 
of 1-15 wWem-1 iz and only iff the input frequencies are lov, that is. 
in general, less than 300 Hz, and most often, less than 50 Hz, 

The third type of latcral line organ is called tuberous, and is 
oe only in weakly electric fish, The tubcrii are located in invag~ 

nations below the evithelius, and surrounded by sunportive cells. The 

Fuberdi resvonded to ficlds of 4-20 uVem-l of high frequency, usually 
up to 1000 Hz, specifically synchronous with the clectric crgan dis- 
charge of that fish or of clcctric fich of the game specie. 

“Figure 3.6 shows the comparetive vhysiology of the threo receptor 
organs. Ordinary lateral line slectro-receyotors are innorvated by an 
efferent neuron, the ampuallae and tubocrii are not. 


2. COCHILBA AMPULLAB TUBSRIT 


lS fae ai ical .. Tan os 
efferent|\, efferent | ie ice “~ 
La ‘a 


gsceiris electro-sensitivity WAS souonetras a by Dijkgraaf. and 
Kalmijn (1963, 1966, 1971) in a sories of cxperiments emvhasizingboth 
electrolocation and conditioning stimuli phenomena At first they 
noticed that dogfish resnonded to a 5 Hz 10-5 Ve omnt field by a twitchin 
of the cyclids, interestingly enough , when the dogfish were drowsy. 
(Altered States! rcescarchers,, take note!) Later they noticed that when 
the BCG was monitere od , the heart rate slowed from 1 Hz to 0.7 4z when 
stimulated by 107° VY: m ficlds. Late in 1965 dogfish were trained to 
seels food with a 4*10-5 V.em-l, ficld. In all casos, the resvonses to 
atimulii or conditioning ceased when the amnullary nerves were sectione 
even when the fi- ‘1d strength was reised 30 db (1000 X). In addition 
it was noticed that the dpstish naturally avoided arcas where the ficld 
stre Beene was 1- 0.1 mV-°m 

Thre BEDES of rosnonses to B fields were noticed. The first 
Suse lon 4 wan a, tiuitchine of the body or anpondage, usually in response 
to 10 + 1 Vem” fields, but sometimes es low as 10-4 Vem~ 1, The scocond 
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response tyne is galvanotaxis, 9 turning into or pornendicular to the 
field, Tho third resnonse tyne is galvano--narcosis, an immobilization 
of the test subject. 

Final proof of snecific eclectrosensitivity was vrovided by Kalmij. 
who sequestered a flatfish 'prey' in- send, and with ©. other controls 
excluded visual, mechanical or chemical clues, yet the sharks and reys 
were ablo to locate the flatfish. Extra weight is added to the cvidon: 
when an artifical current similar to that of the flatfish vroduced the 
gamo location results, ~ 

Figure 3.7 below ig an adantation of Table2 ( in Kalmijn (1974), 
which vlots tho clectrosensitivitios of the various specics tested. by 
numerous authors, Two tynes of cloctrical cnergy paramctors were 
present at the time of testing, one boing ficld strength, in volts por 
meter (Vem-1) and the other being current density in amperes per centi- 
meter squared (A-com-2). Curve fitting reveals that the relation be- 
tween the two threshold varameter is 


(3.8 ) log Vem~h t= Log At fun? 5.0 

Figure 3.8below shows that in sharks and rays, generally consider: 
weakly clectro sensitive, the relation between current density and in - 
put frequency reveals that the threshold increases as the frequency 
increases, a relation which is also observed in man (Of. 356 = 3,9 J 


0) i A we 
log” A _ be 
Volts per 2 
meter i 

=| . 
—6 
~8 


-l2 -11 +10 -9 -8 -7 -6 +5 -4 ~3 127° 
108 9 amperes ner centimeter squared 


Although specific electrorecention has been demonstrated by Lisa- 
mann, Bullock, Kalmijn and others, of specific interest to us is that 
tho ampullae heave been demonstrated to be widely receptive to other 
clectrical and para-cloctrical vhenomena. Tho reador is requested to 
study the following closely, for vhat has boon demonstrated in the 
amoullae of fish has also becn obsorved in man, that is both wide and 
nirrow colectro=-resnonsc,. 

Here the work is primarily due to Murray, specifically on the 
aopullac of Lorenzgini. Our interest in this organ is due tothe fact 
that it is widely distributed in vertabrates, and its resvonse to 
electrostimuli is a tonic, that is frequency coded message, whereas 
the tubcrii, found only in fish poscessing EOD, res»onded vith phasic, 
burst-dispersive sndtonic-phasic sodings. 

Figures 3.9a to 3.90 below show the following responses of a 
single unit of amnullac, In 3,9a the innut nerametor is voltage and 
polarity. Notice that the organ has a discherge rato of about 30 Hz, 
and the outnut frequency therofore codes volarity and intensity. Notic 
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also the output frequcncics in all cases are in the BLF range (3 - 


3 kHz). Fieure #3.10 shows the resnonse of the game unit to temocratu 
(infra-red), while figures 3.11 abe record the resvonse to pressuge 
and touch (viz the niozoolectric offect), end finally, figure 3, 12 
reveals the resyonse of an ampullary organ to tho apnlication of a 
Sea water solution of various galinitics. (It should bo noticed thet 
the average concentration of the neural solutions are two to thrce tim: 
that of sca wator.) Again, wheat is most imnortant hero is the wide 
renge of clectro-sénsitivitics of the anpullary organs, 


: Fig. 3.9 Response to electrical sti 
outyut 100 : e ric = imuli 
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Returning to snecific electroreccption, it wes observed that 
stimuli of duration 0.1 to 1.0 scconas wore met cffective in cliciting 
electroresnonse. . Vaveforms of the above durations ere equivalent to 
10 Hz to 1.0 Hz frequencies, Also observed was the phonomena that 
stimuli that were cither too brief, or sustained for too long were lee 
effective in producing olectroresnonse. Along the same line, it was 
shown that stimuli that wore cithor amplitude modulated or frequency 
modulated gave resvonse when the ficld strengths were ag low as 
10 uVem-+ The most effective froquoncy of froquency modulation was 
3 Hz. Wet the reader remember this, for in the next section, (on 
audition), it will be show tho the auditory sense, again, histolormices 
derived fromthe LLO elso denonstrates a pronensity to selectivly 
resnond to certain stimuli, if and only if that stimuli is cither 
amplitude or frequency modulated. 

In addition to the ahove olectrorecentivo characteristics, a 
nhonomena of valuo *o the biofecdbeck resosrches occurs vhen two 
electrosensitive species with cloctric organ discharges (EOD) were 
connectod with contact eclectrodes. It was observed that vhen the two 
fish of the same svecic, cach with the same basic EOD frequency, were 
connected, both fish wove observed to change their EOD in such a manne: 
to producoc dissimilar, that is divergent EOD. Scheich and Bullock 
indicate that this “jamming avoidance resnonse" occurs so that each 
fish can discriminate its own noural vatterns, such that confusion, 
and therofore less sclf control may bo avoided. This JAR accurs only 
if tho BOD's aro within 15-20 Hz of cach fish' own BOD, end is most 
nronounced whon the differonce is 3-5 Hz, This is related to the 
FM resnonco to 3 Hg, sinec two.fish within 3-5 Hz of cach othor will 
produce high annlitude 3-5 Hz modulation of cach others EOD. 

The phenomena of eleetrorccention has becn studicd by the various 
psychologists, physiologists and biologiests, who doom the phonomcna 
as necessary for the survival of tho aquaric gvccios observed. They 
call the vhenomena electrolocation end clectrocommunication, yst a 
verusel of their bibligranhios indicate that none has cited or studied 
the biovhysical or parangychological literatures, and their conclusion. 
were thus reached indenendently. 

In electrolocation, for oxamyle, in Bigenmannia, the males! basic 
frequency was 250--600 Hz, whereag the females! was 340-560 Hz. Similar: 
an adversary or prey may bo located at a distance thru cloectroreceptio: 

Again, certain current velcocitios in the oceans or streams con 
trin svecific life forms, and it has been demonstrated that scnsitivit 


to current volocities 2s low as 2.5% 165m.sec-lexist. Another rerort 
indicates that 10°? m*see"~ may bo used as a conditioning stimulus. 

In a similar study, a 2m vibration at 15 Hz resultod in a 50 Hz sign 
(Schwartz). 

Tho amoullary organs, svecifically clectroroentive, have boen 
shown to have evolved indvendently in several svnecies of vertabrates. 
And, sitho the LLO are found only in water dvellors, evolution has 
produced tyo organs s»cecifically dorived from the LLO. At one time, 
olfaction, vision, and certain creniel nerves were part of the Leteral. 
cystems. In man, the vestibular canals (not uncoincidentally namod 
Ampullae by anatomists), and the cochlea are circetly descended by 
amphibial ILO. In tho next section we ghall show tho very close 
similarity betwoon tho clectrorecentive ampullary orgens in woter 
dwellers, end the acoustico-celovtro rocovtive vestibular and cochloar 
organs in msn, 
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3.4 AUDITION end MECHANO-RECEPTION 


Recalling that J. Rhine has indicsted that GESP is ultimately 
vrocossed thru the central norvous system and that the acoustico- 
latoralis system nrocesses some clectro-recontion, it behooves us to 
study eudition and the mecheno-rooptive functions, for it will ibe showr 
that there aro goneralized rosnonses anvlicable to ell sensory modaliti 


. | 

The sensitivity to cound is in fact the sensitivity to mochanical 
vibrationsset un in the atmogyvhere. The inner car is the site of this 
acoustico~mechanical recovtion, and those familisr with audition know 
that the mechenical vibrations set up are relayed to the inner car by 
2 skin-~like mombrane, the tymoanus, and then thru three small boncs, 
the mallous, the incus, and the’ stanes to the inner car which contains 
both the semicircular canals end the cochlor, both of which innervate 
the cighth craniel nerve. It has been shuwn by von Bokesy, who won thc 
Nobel Prize for his work, that tho process of audition in:ludes that 
of bone conduction as woll as the resnonse of the whole body to mechanc 
vibrations, And altho sudition is a snccialzed sense scquestered from 
spurious vibrations, we shall show later how the whole orgen of the ski 
is «© kind of mechano-receptor, the results applicable to "dormo-optics. 
In eddition, tho skin is the site of contact elcectro~-recention, end 
it shall be showmthe similarities between these various sense modalitic 


specifically, the organ of audition is the organ of Corti located 
in the center of the cochlear snirals. The Organ of Corti is a layer 
of hair colls connected tothe basilar membrano which connects directly 
to the cighth nerve. Thoro are about 15,000 hair colls on the basilar 
membrane anc a totel of about 15,000 ncuron fibres in the cocloar nerve 
These hair cells renge in size from chout 130 um, which aro high frequc 
ey resvonsive, to 275 ym, which are low frequoncy resnonsive. Of un- 
usual interest is that those nerve fibres have afferent nerve ending, 
tho there is no motor function to be found, and in addition the notenti 
across tho hair cells in the organ of Corti is about 140 mV. Since 
these cells aro aynroximately 140 um in longth, the ficld strength 
representcd in the orrean of Corti is: 


3.9  E = a@vedorl = 1.4 -1071V_ _~  1.0°109 watt 
| 14.40% 


Tho hair cells in the organ of Corti rolay the mechanical vibratic 
get up unon thom from the etress-strnin roactions caused by thoir bond: 
a hoet set off by the friction then stimulates, thru this piezocloectric 
nrocess, the gsenerstor votentials. Of interest is thot, un to 60 Hz, 
the outnut frequency response is sn exact match of the input frequency 
resvonse. Above this freenoncy svecialivod arcas in the cochloa at 
specific distences from the stapes vroduce complox volleys resyronsivlic 
for audition at these frogucncics. In addition, the three seni- 
circular cenels, which resemblo three mutnlly vendicular half-loop 
antennee, arc also innervated by cupulac and microvilli which als: 
resvond in niczoclcctric process to mechanical bonding sct up by chang: 
in velocity and seccoleration, These semicircular canals are ebhout 
Lem ini heighth, and thus may vrovide cloctroreention forn EMR in 
thin wavelength. . 
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Our interest in audition stems from that sense modealitics! relatio 
shin to the Llateyalis systom, but slso from the fact that audition is 
%' 


& senso modality concerned with the frequency and the intensity of 
the inpinging stimuli. Altho the conergy intcnsity by which audition 


* 


is mossurecd is usually Watts ver centimeter squared (W som~2), the 
verious onergy dimensions aro interchangosble, like motors into foot, 
end it Sati be directly shown that the clectro-sensitivty threshold 
may be computed directly from the audition thresholds. (Cf 3.5 ) 
Since, as wo heve indicatcd, that audition is 2 skin membrenc, 
bone conduction phenomena, and thet therc exist severel formulac re- 
lating skin area to height and mass, and the »rovortion of bone mass 
to totsl oreenism mass, it is not surprising that 2 mathomatical relat 
ion chip oxists betweon auditory throgholds snd physical body mocasurem 
monts. Masterson end Dinmond have ompirically vroduced the following 
relationships, Eq. 3. shows that the lowest frequency resnondecd to 
is related to body mass, end that in addition, the high frequency 
threshold is a mathematical function of the low frequency cutoff 
threshold. 
310 log fiow + 1oBmagg (eg) 265 


iit! fhigh = 20 kHz X log Tioy 


Other physiological asvects of eudition illuminate processes 
relevant to extra, or as one professional calls it, oxnanded scnsory 
nercention,. Von Bekesy studicd tho auditory throsholds with respect 
to three variables; heredity, age, and renal time. He found for instan 
that the audiograms of mombers within - family were significantly 
Similar, wherens en audiogrem of someone not in that family differed 
ag well significantly. Viz, a »vroof of the heredity of sensory and 
nercevtual abilitics and resnonses. In eddition it was found that 
with increasing age, the ability to nerceive sound frequencies and 
intensitios was attenuated at the high frequency resvonse band, but 
was basienlly unchanged t+ the low frequency cond of the acoustical 
spectrum. Of vory syccific interest to perception was von Bokesey's 
observation of the following. Audiograms were modo of subjects! . 
threshold sensitivitics at two fwgquencics, 200 Hg and 1000 Hz, and 
observed for a duration of twenty minutes. It was found that the thre 
holds varicd 5 to 15 db with periodicities of 8 minutes for the former 
and 64 minutes for the latter. It would nrove to be highly illumin- 
ating to discern if cach frequency had its own periodicity of thres- 
hold sensitivy, for in addition, periods of 8 minutos and 64 minutes 
are in effect frequencicos of 1/480 seconds nnd 1/350 seconds, and it 
is well demonstratod that higher frequoncics are harmonics of lower: 
frequencics, end we may summize ultra-low freaquoncy modulation or 
driving of higher frequency ncoustico-mechano~-electro-sensitivities. 


In this section we shall observe the various response charecter- 
istics of the auditory system in order to estreblish the Limits of the 
energy verccived, It has been adovted as convention that the root- 
mean-square threshold for audition is 0.0002 dynos*om72 at 2000 Hz, 
the fequeney of highest sonsitivity. However, von Bekesy has observed 
sensitivity thresholds of 0.00005 dynes.cm-2 at 2200 Hz, Therefore, 
while wo shall discuss standard auditory thresholds, but again the 
reader is ceutioned that the demonstrated human perception thresholds 
may vary os much as 5 to 15 db below the 50% povoulation standard 
threshold, 
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Like tho clectrorecoptive senses (ELF, infra-red, end vision), 
eo 


on 
audition is ergotonic, that is, ite sensitivity of cnergy (ergo) is 


a function of the frequency (tono ) of the impinging stimuli. Also, 
like the cleectrorcecontive senses, audition shows ke nroperty of 
excitory and inhibitory resnonse. That is, most neurons have a: pase 
that isioa static discharge rate, so that, while cote stimuli cause an 
incroaso in the neurel discharge races, some stimuli cnuse an inhibitic 
that is decrense of the static disc pees ae: This is a very inter- 
esting aspect of senuetion and perception, the vereipicnt must be 
awerce that the informetion is "the absence - information,", or to out 
it erudely, the yercinient is required to be aw-re not of the donut, 
but the hole. 

Figure 3,13 below is the oft rewrduced and now standard auditory 
intensity-frequency response chart. The sound pressure level is given 
in dynes-cm™ and Joulos ner sauare metor per second on the Loft hand 

ordinate and (tentatively) Volts vor meter por square root of the frequ- 
‘acey (Vem-lHz-t) on the right. It is conveniont to use Jem72 seem 
rather than Watts-em72 because we eee like to be able to calculate 
the cnergy in a givon frequency waveforn. (See the next scction for 
conversion factors. | 


Figure 3.13 Auditory frequency-cnergy threshold res»yonses 
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Additional evidence for the coding of sensory information into the 
ELF band cen be scen in Figure 3.14 below, which charts the frequency 
of the neural imoulses in resnonse to a given stimulus intensity inout 
for nourons #ith frequoncy—svnocific responses. Notice that the hyper- 
bolic paneony (tanh x) grovth rate saturates at about 450 Hz. | 
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